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(54) Process for transmitting digital television signals for multi-frequency terrestrial digital

networks (DVB-T)

(57) Digital television signals comprising a plurality
of elementary binary streams, representing respective
television programs, are multiplexed into a single, low-
capacity transport stream, which also incorporates
PSU/SU tables packets, PCR packets and null packets.
The transport stream is then modulated and transmitted
to a plurality of terrestrial stations, for broadcasting by
terrestrial antennas. Before modulation, the packets
transporting PSI/SI tables of type PAT, SDT, NIT e EIT
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are masked by replacing their respective PIDs with re-
spective, predetermined, hiding PID values, chosen
among values that are not reserved for satellite recep-
tion, and their "priority" bits are set. The resulting trans-
port stream is then re-multiplexed to generate a high-
capacity transport stream for transmission. At reception,
the packets having unset "priority" bits are marked as
null, and the original PIDs in the packets transporting
the previously hidden PSI/SI tables (PAT, SDT, NIT e
EIT) are restored.
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Description

[0001] This invention is concerned with a process for
transmitting digital television signals for multi-frequency
terrestrial digital networks (DVB-T), particularly for
transmitting digital television programs.

[0002] Digital television is based on the MPEG cod-
ing, wherein, as known, one or more streams of elemen-
tary packets (video, audio, or data packets) are gener-
ated by coders and then combined with great flexibility
into a single binary stream, or transport stream that is
suitable for transmission. The transport stream incorpo-
rates all the information required for achieving synchro-
nization, decoding and display of the audiovisual con-
tents.

[0003] More in detail, a transport stream is built within
the MPEG coding by multiplexing the elementary binary
streams coming from the coders into a single sequence
of packets. All the packets forming an elementary
stream (be it audio, video or data) are identified by an
identifier code, known as PID (Packet IDentifier). Beside
such information packets, the multiplexer also gener-
ates and inserts within the transport stream auxiliary in-
formation packets, which are also identified with their
own PID, which include a set of PSI tables (Programme
Specific Information), which are defined in the ISO/IEC
13818-1 standard and a set of Sl tables (Service Infor-
mation), which are defined by the ETSI ETS 300 468
standard. These will be discussed in more detail below.
Moreover, since the data packets generated by the in-
dividual coders appear with a widely variable rate, the
multiplexer inserts also a suitable number of null pack-
ets in the transport stream, which null packets have the
only purpose of smoothing the stream, although they
contain no useful information.

[0004] By the above technique of multiplexing a
number of television programs onto a single transport
stream it is now possible to feed analog terrestrial trans-
mitters via satellite links. As known, the typical capacity
of a satellite channel for digital television signals in the
DVB-S standard is of about 34 Mbit/s, while the capacity
of a terrestrial channel (VHF and UHF bands) using the
DVB-T standard is considerably smaller, i.e. about 20 to
24 Mbit/s. Feeding terrestrial transmitters in a multifre-
quency network by transmitting a digital multiplex via a
high-capacity satellite link (in the DVB-S standard) is
technically feasible and is known to persons skilled in
the art, for instance, according to the diagram shown on
Fig. 1.

[0005] With reference to Fig. 1, a number of coders
10 process and compress respective digital television
signals to produce respective binary streams which are
then applied to a digital multiplexer 12. The individual
streams are here multiplexed and PSI/SI tables 14 are
inserted, so that an overall transport stream is issued
on an output 16 and is then modulated onto a 34-MHz
channel 17 by means of a DVB-S modulator 18. The
modulated stream is then transmitted from an up-link
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station 20 to a satellite transponder 22. From the satel-
lite, the signal is then broadcast to several terrestrial sta-
tions, among which, for instance, are an individual
DVB-S receiver 24, where the signal is immediately
used for display, and a DVB-S receiver 26, which de-
modulates the transport stream received and feeds it to
a terrestrial broadcast installation comprising a remulti-
plexer 28 (also called remux) which extracts from the
stream a portion of the television signals contained in it,
by relying on the PSI/SI tables, and remultiplexes the
extracted signals into a fresh stream 30 at 20 Mbit/s,
while inserting into it fresh, regenerated PSI/SI tables
32. The new, remultiplexed stream is applied to a DVB-T
modulator 34 to be broadcast by a terrestrial antenna
36.

[0006] The above operating technique can be eco-
nomically advantageous for the network manager, who
is thereby enabled to serve users having satellite receiv-
ers as well as to feed terrestrial transmitters broadcast-
ing to users who are only provided with terrestrial receiv-
ers. However, the technique has the inherent drawback
that it requires that the tables describing the configura-
tion of the digital multiplex (PSI and Sl tables as defined
by MPEG and DVB, respectively) be updated at the local
level, on the sites of the terrestrial transmitters, thereby
making it difficult for the network administrator to main-
tain centralized control. Because of this, operating prob-
lems may arise during any reconfiguration of the service
(e.g., when changing from four programs at 5 Mbit/s to
five programs at 4 Mbit/s. Moreover, remux 28 is a com-
plex and expensive apparatus, which is underused in
this kind of application. The complexity of the remulti-
plexer is due to the requirement of processing all timing
references (called PCR in the ISO/IEC 13818-1 stand-
ard) which allow the terrestrial receivers to synchronize
with the 27-MHz sampling clocks of the video coders 10.
According to the above standard, such processing of the
PCRs should be carried out by any apparatus which
modifies the bit-rate of the Transport Stream (e.g., by
adding or taking away packets to the Transport Stream,
which are typical operations performed by re-multiplex-
ers). If one considers that the transmitting sites where
this apparatus must be installed can be quite numerous
(e.g., the transmitters of a national network may be sev-
eral hundreds to over one thousand), the overall cost of
this approach can be definitely exorbitant.

[0007] Accordingly, the main object of the invention is
to provide a process by which a number of terrestrial
stations can be fed, via a satellite link, with DVB-T pro-
grams which are to be broadcast by respective anten-
nas at different frequencies, without having to provide
each of the transmitters with an expensive remultipexer.
In other words, the invention, on the basis of the satel-
lite-emitted binary stream, aims at providing a binary
stream that is suitable for terrestrial broadcasting at
each of the transmitters of a multi-frequency network,
by means of special processing of the binary stream at
the central generation chain and a corresponding
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processing of the stream received from the satellite.
[0008] The above and other objects and advantages,
such as will appear from the following disclosure, are
attained by the invention by a process for transmitting
digital television signals having the features set out in
claim 1.

[0009] The invenzion also provides a process for re-
ceiving digital television signals having the features set
out in claim 3.

[0010] Other advantageous features of the invention
are set out in the subordinate claims.

[0011] Preferred embodiments of the invention are
disclosed below, with reference to the attached draw-
ings, wherein:

Fig. 1is a block diagram showing a satellite link from
a central generating station to a number of receiving
stations, among which is a terrestrial multi-frequen-
cy broadcasting station; and

Fug. 2 is a partial block diagram, similar to Fig. 1,
modified according to the teachings of the inven-
tion.

[0012] The approach of the invention is to multiplex a
desired number of elementary streams, corresponding
to respective television programs and intended for feed-
ing to one or more terrestrial, multi-frequency networks,
into a single low-capacity binary stream, which is then
remultiplexed in conventional fashion with other ele-
mentary streams into a high-capacity stream for satellite
transmission. The receiving stations of the terrestrial
network process the entire stream to obtain a final signal
whose payload is equivalent to the initial, low-capacity
stream. The signal received at the terrestrial stations is
not processed by a conventional remux, but rather by
means of a considerably simpler apparatus which takes
advantage from the processing of the initial stream in
the stream-generating chain. However, the operation of
the above process for transmitting digital signals re-
quires that some of the service information contained in
the low-capacity stream is preserved through their re-
multiplexing into the high-capacity stream, so that it can
then be utilized during processing at the terrestrial sta-
tion. This condition can be satisfied by the teachings of
the invention, so that the above inventive approach can
be implemented.

[0013] Fig. 2is a block diagram of a transmission and
reception chain through a satellite link, and is similar to
the block diagram of Fig. 1, but is improved according
to a first embodiment of the invention. Reference num-
bers on Fig. 2 are, where appropriate, the same as on
Fig. 1.

[0014] With reference to Fig. 2, a first group of coders
10' receive television programs intended for broadcast-
ing to final users via satellite and for feeding to a multi-
frequency terrestrial network, while a second group of
coders 10" receive television programs intended for dif-

10

15

20

25

30

35

40

45

50

55

ferent users, typically only for the final satellite users.
The coders in both groups process and compress the
respective signals conventionally.

[0015] The elementary output streams of coders
10" are applied to a digital DVB-S pre-multiplexer 40,
known per se, which generates, on an output42, atrans-
port stream containing, in conventional manner, appro-
priate PSI/Sl tables, as well as a suitable number of null
packets.

[0016] The elementary output streams from coders
10', on the other hand, are applied to a DVB-T multiplex-
er 44, where the stream is provided with appropriate
PSI/SI tables, as well as with the required null packets,
thereby generating stream 48.

[0017] At the end, both partial transport streams 42
and 48 are to be remultiplexed in a multiplexer 50,
where, however, all the auxiliary information is liable to
changes, since the PSI/SI tables are re-generated, and
the input null packets are ignored and are re-generated
according to the requirements of the stream. On the oth-
er hand, if the low-capacity stream 48 is to be recon-
structed at reception so that it contains a payload equiv-
alent to the original payload, it will be understood that
at least the following service information is to be pre-
served:

- the PAT table (Program Association Table): it is
unique, its PID is 0x0000, and lists an identifier for
each program, which is unique in the network to
which the stream belongs, and contains the PID of
the PMT table;

- the SDT table (Service Description Table): it is
unique and its PID is 0x0011; it contains, for each
program in the binary stream, its identifier and other
information such as the program name (e.g. RAI1,
RAI2, ...) and its producer (e.g. RAl);

- the NIT table (Network Information Table): it is
unique, its PID is 0x0010; it contains tuning and
modulation parameters for the binary stream (fre-
quency, symbol rate, coding rate, etc.), which de-
pend on the type of metwork (satellite, cable or ter-
restrial);

- the BIT table (Event Information Table): it is unique,
its PID is 0x0012; it contains text information con-
cerning the program schedule (title, starting and du-
ration timetable, description of the current and the
following broadcasts).

[0018] For all the above items of information, accord-
ing to the process of the invention, the stream is proc-
essed in an apparatus 52, which is here called MFN
adapter (Multi Frequency Network Adapter), having the
task of changing the original PID of the PAT, SDT, NIT
and EIT tables into a respective hiding PID, which is cho-
sen to a value not reserved in the DVB standard. Con-
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sequently, all the packets that have been newly labeled
this way are not recognized as tables by remultiplexer
50, and are reintroduced as generic data, without incur-
ring any change, into the final transport stream that is
to be modulated on a carrier and transmitted over the
satellite link.

[0019] Furthermore, in order to simplify the manage-
ment of the network, it is provided that the packets be-
longing to the low-capacity terrestrial stream are marked
by setting the "priority" bit that is contained in the packet
heading according to the above mentioned DVB stand-
ard.

[0020] The operation steps to be performed on the bi-
nary stream, as described above, can be easily carried
out, e.g. by a computer programmed with a so-called
"filter program”, as well known in data processing, and
easy to be assembled for carrying out the steps de-
scribed above, according to techniques well known to a
person skilled in the art.

[0021] Remultiplexer 50, which receives at its input
both the DVB-T and the DVB-S streams, will take care
of generating PSI/SI tables that are consistent with the
overall program stream (PAT, SDT, NIT e EIT), valid for
DVB-S transmission, and of correcting the information
contained in the valid PCRs of the respective streams,
including the terrestrial stream.

[0022] In the receiving station, a complementary ap-
paratus 56, which is here called modulation adapter, or
mod adapter, then has the task of creating a transport
stream having a payload equivalent to the original ter-
restrial payload and of restoring the information that was
hidden by MFN adapter 52.

[0023] Mod adapter 56 shall therefore:

- identify the services to be eliminated, based on the
value of the priority bit in each packet;

- logically, and not physically, eliminate the identified
service packets, the satellite-related PSI/SI tables,
the satellite-related PCRs, by marking them as "null
packets" (PID=8191): in practice, their respective
PIDs are changed to 8191;

- restore the original values of the PIDs in the packets
carrying the PSI/Sl tables for the terrestrial services
(PAT, SDT, NIT e EIT), which had been previously
hidden by the MFN adapter.

[0024] This procedure generates an output stream 58
having a gross bit rate equal to the satellite stream, but
a payload equal to the original terrestrial stream 48. With
respect to the conventional approach of Fig. 1, where
the bit rate is changed from the input to the output of the
remultiplexer, this procedure gives rise to a considera-
ble practical simplification. On the one hand, since the
bit rate of an MPEG Transport Stream does not change,
processing the time references in the PCRs is not re-
quired. On the other hand, while the conventional ap-
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proach, where the bit rate is changed from the input to
the output of the remultiplexer, it is necessary to gener-
ate a local output clock, typically by a loop-locked ring,
in the approach proposed by the invention such a step
is not necessary, because the input clock and the output
clock are the same. However, it should be noted the the
bit rate of the initial stream 48 (which, as stated, coin-
cides with the bit rate of the payload 58) cannot be high-
er than the nominal bit rate of the selected

[0025] DVB-T modulation.

[0026] Conventional DVB-T modulators include, if
used in the MFN mode, a device that is generally called
TSA (Transport Stream Adapter) or Rate Adapter,
whose purpose is to uncouple the modulation timing
(channel clock) from the timing of the incoming data
(network clock), as well known to the persons skilled in
the art. This operation is performed by eliminating or
adding "null packets" until the bit rate available in the
chosen mode is reached, and by processing the PCR
timing references (this procedure is required in the
above mentioned MPEG standard at each change of the
bit rate of the Transport Stream). Accordingly, the inven-
tion takes advantage from the latter functionality of
DVB-T modulators for simplifying the mod adapter,
which therefore operates at the same bit rate at input
and at output, and does not process the PCRs.

[0027] The output 58 of Mod adapter 56 is then ap-
plied to a conventional DVB-T modulator 60, which gen-
erates the binary stream that is to be broadcast by the
terrestrial antenna (not shown).

[0028] Forthe implementation of the mod adapter, the
same indications given for the MFN adapter hold true,
since the type of operations is the same.

[0029] Alternatively, according to another embodi-
ment of the invention, the above described packet-
marking by means of the priority bitis not used, and mod
adapter 56 selects the packets according to a predeter-
mined, programmed list of PID values. This approach is
also very easy to be implemented, though it is less flex-
ible, since any change in the programs will require a cor-
rection in the software at each of the receiving stations.
[0030] Itshould be noted that the invention can be ap-
plied whenever it is convenient to distribute to the trans-
mitters in an MFN network a multiplexed stream having
a higher capacity thatn is transmitted over the individual
terrestrial channels, independently of the distribution
means (satellite, cable, radio relay, optical fiber).
[0031] A preferred embodiment of the invention nhas
been described, though it must be understood that
changes can be made to it, as will be obvious for a per-
son skilled in the art. For instance, the distinction be-
tween pre-mux 40, mux 44 and MFN adapter 52, as
shown on Fig. 2, should be construed in a merely func-
tional meaning, and does not necessarily reflect actual,
separate circuit devices, as the steps of the process can
be software-implemented, wholly or partly. Even mod
adapter 56 could be incorporated in DVB-T modulator
60, thereby allowing certain common functions to be
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spared.

Claims

A process for transmitting digital television signals,
wherein a plurality of elementary binary streams,
which are generated in a central generating station
and are associated with respective television pro-
grams, are multiplexed into a single, low-capacity
transport stream, which also incorporates PSU/SU
tables packets, PCR packets and null packets, and
wherein the transport stream is then modulated and
transmitted to a plurality of terrestrial stations, char-
acterized in that the transport stream, before mod-
ulation, is subjected to the following operating
steps:

- masking the packets which transport PSI/SI ta-
bles of type PAT, SDT, NIT e EIT by replacing
their respective PIDs with respective, predeter-
mined, hiding PID values, chosen among val-
ues that are not reserved for satellite reception;

- re-multiplexing the transport stream resulting
from the preceding step to generate a high-ca-
pacity transport stream for transmission.

The process for transmitting digital television sig-
nals of claim 1, wherein the packets in the low-ca-
pacity transport stream each include a "priority" bit,
further characterized in that the "priority" bit, be-
fore remultiplexing, is set to a predetermined value.

A process for transforming digital television signals
in the form of a high-capacity transport stream
which has been generated by the process of claim
1, in order to extract the useful low-capacity trans-
port stream having the same gross bit-rate, includ-
ing the null packets, characterized in that the high-
capacity stream is subjected to the following oper-
ating steps:

- modifying the packets having PIDs that are dif-
ferent from a desired selection into null pack-
ets, by replacing their PIDs;

- restoring the original PIDs in the packets trans-
porting the previously hidden PSI/S| tables
(PAT, SDT, NIT e EIT), on the basis of a corre-
spondence table.

A process for transforming digital television signals
in the form of a high-capacity transport stream
which has been generated by the process of claim
2, in order to extract the useful low-capacity trans-
port stream having the same gross bit-rate, includ-
ing the null packets, characterized in that the high-
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capacity stream is subjected to the following oper-
ating steps:

- marking as null packets the packets having a
"priority" bit thatis not set to said predetermined
value;

- restoring the original PIDs in the packets trans-
porting the previously hidden PSI/SI tables
(PAT, SDT, NIT e EIT), on the basis of a corre-
spondence table.

The process for transmitting digital television sig-
nals of claim 1 or 2, characterized in that the mod-
ified transport stream is re-multiplexed together
with a conventional transport stream for generating
a final transport stream for transmission via a sat-
ellite link.
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